We successfully closed the isolated patent ductus arteriosus in 58 of 61 consecutive patients using the transfemoral-catheter method originally introduced by Porstmann in 1968. To selecting candidates, except for the size and age of the patients and the shape and size of the ductus. All patients underwent ductus and femoral artery angiography in advance to evaluate the shape and the relative sizes of the lumens. The diameter of the plug should be 20-40% larger than that of the ductus. Particular attention was given to ruling out all other associated heart anomalies. The principle of Porstmann's method is as follows ( fig. 1) . A long catheter is inserted through the femoral artery, up the aorta, and across the ductus. The arterial catheter is caught in the right heart by a catching wire and catheter, passed through a femoral vein. The arterial catheter is then drawn by the venous catheter through the right heart, down the inferior vena cava, and out the femoral vein. A long, steel guide wire, lying within the lumen of the abovementioned arterio-transductal-venous catheter loop, serves as a track over which a closure plug will be guided into the ductus from the aortic side. The plug, which is made of ivalon foam plastic, is conical in shape and is stabilized by an inner steel-wire frame.
IN 1966, Porstmann1' 2 was the first to successfully apply a new method by which a patent ductus arteriosus (PDA) was closed by a plug transported by catheters through the femoral artery. Thereafter, he reported successful procedures in 56 of 62 patients. Takamiya3 had used this method in ten patients by October, 1971 . Lack of mortality, minor morbidity, and no recurrence of shunting in their long-term follow-up studies encouraged us to use this method in our patients. 4 To date, we have successfully accomplished the transfemoral plug closure of PDA in 58 of 61 patients. Though the principle of the method has been unaltered, as our experience broadened the technical details were modified. The purpose of this report is to describe our experiences with this new method.
Material and Methods Nonsurgical transluminal ductus closure was attempted in 61 patients, 14 males and 47 females, ranging from three to 38 years of age (table 1) . There was no particular method for selecting candidates, except for the size and age of the patients and the shape and size of the ductus. All patients underwent ductus and femoral artery angiography in advance to evaluate the shape and the relative sizes of the lumens. The diameter of the plug should be 20-40% larger than that of the ductus. Particular attention was given to ruling out all other associated heart anomalies.
The principle of Porstmann's method is as follows ( fig. 1 ). A long catheter is inserted through the femoral artery, up the aorta, and across the ductus. The arterial catheter is caught in the right heart by a catching wire and catheter, passed through a femoral vein. The arterial catheter is then drawn by the venous catheter through the right heart, down the inferior vena cava, and out the femoral vein. A long, steel guide wire, lying within the lumen of the abovementioned arterio-transductal-venous catheter loop, serves as a track over which a closure plug will be guided into the ductus from the aortic side. The plug, which is made of ivalon foam plastic, is conical in shape and is stabilized by an inner steel-wire frame.
The plug is introduced through a tubular applicator and threaded over the track wire. After complete closure is achieved with the aid of the pushing catheter, the steel wire (track wire) is withdrawn from the venous side. The plug remains wedged in the no-longer-patent ductus ( fig. 2) .
Although the principle of Porstmann's method has not been altered, the following technical modifications were made as our experience progressed.
Modification of the Closing Plug
Before the plug is boiled for sterilization, a short steel wire of the same caliber as the transductal arteriovenous track wire is placed in the center of the frame ( fig. 3 ). This process insures an adequate opening for insertion of the track wire into the center of the plug during the procedure, as well as SATO ET AL. facilitating easy withdrawal of the wire after plug placement. This prevents the plug from sliding into the pulmonary artery.
Modification of Insertion of Closing Plugs via the Femoral Artery
When this procedure is done by the percutaneous method, the thin-walled teflon tube of the applicator is inserted percutaneously into the femoral artery with the aid of a telescopically fitted coaxial inner tube. Blood spurts when the inner tube is replaced by a rubber plug and when the latter is replaced by the closing plug ( fig. 4 , left). Excessive bleeding is prevented when the femoral artery is exposed surgically by the following modified technique ( fig. 4 , right). The tapered tip of a thin-walled teflon tube of the applicator, without inner components, is inserted into the exposed femoral artery with a closing plug placed in the metal funnel by means of a strong 25 cm blunt-ended needle (pushing pipe) traveling on the wire.
Test Injection from Venous Side
Complete closure of the duct with a plug is confirmed by phonocardiography, dye dilution study, and the injection of Figure 1 Schematic drawing of Porstmann's method. The plug is moved into position along a previously placed arterio-transductal-venous loop.
contrast material through a thrust catheter into the aorta at the base of the seated plug. The position of the closing plug is again confirmed by test injection, through the loop catheter, in the pulmonary artery at the tip of the seated plug. This is particularly important when a dumb-bellshaped plug is used for the window-type ductus.5
Results
Complete closure of PDA was achieved in 58 of 61 patients (95%). In three patients, the transfemoral closure had to be abandoned because the ductus was so distensible the plug passed through the ductus while the track wire was being pulled out; the plug was removed from the femoral vein along the track wire. Later, one of these patients was treated surgically, and the remaining two patients are awaiting surgical treatment. The plug fell back into the aorta during the procedure in three patients; in one of them the plug was removed from the artery and the duct was replugged on another day. In the remaining two, the duct was replugged before the removal of the plug from the artery. One of these patients developed acute renal failure with satisfactory recovery a month later. Excluding this patient, there were no complications or mortality in the current series of 61 consecutive patients. All of the patients have been closely followed, and up to two and one-half years, no plugs have been displaced.
Although the simple ductus is basically conical in shape, the exact shape and size of the ductus and the aortic infundibulum vary widely in each patient. The configuration of the ductus must be established by aortography ( fig. 5, table 2 ). Group 1 (conical type) includes the cases of a conical or cylindrical ductus with a deep infundibulum. Group 2 (cylindrical type) includes cases of a cylindrical ductus with a shallow infundibulum. Group 3 (window-type) includes the cases of a short ductus with a shallow infundibulum.
The morphological condition in which the ductus and the aortic infundibulum were conical in shape (group 1) was the original requirement for successful closure. However, the technical modifications described above have made it possible to close a cylindrically-shaped ductus (group 2) by using modified plugs of a long-nosed shape and a windowtype ductus (group 3) by using modified plugs of a dumb-bell shape5 ( fig. 3 ).
Discussion
The transfemoral approach (Porstmann's method) is less complicated than thoracotomy because it is carried out under local anesthesia except in younger children and leaves no large operative scar on the chest. The absence of a scar is desirable because patent ductus arteriosus is more common in females. It is difficult to make a closing plug in which the diameter of the base is less than 3 mm. For this reason, candidates for ductus closure by this method should have a femoral artery greater than 3 mm in diameter. Generally speaking, the patients over three years of age meet this requirement. Porstmann1 has successfully applied this method in patients older than five years and Takamiya3 in patients over seven years. Figure 3 Closing plug configuration. The standrard plug (upper) is ulsed for the conical ductui.sE (groul)p 1); the long-nose plug (middle) for tle cyhliudrical duictu.s (group 2); the dumb-bell plug (lower) for the uwindou-type durtuts (group 3) The short steel ires are mounted in the ceniter of the plu1g frame. These short wires are remuoed after steriliZation.
Circulation. SVolune .51, Febrl)ary 197. 5 We have performed this method successfully on two thiree-year-old and three four-year-old patients.
A closing plug of adequate size must be selected for each patient. The plug is made of a fine textured ivalon which is compressed against the central frame in a ratio of 5 or 6 to 1. We designed a plug of suitable size and shape for each ductus. The diameter of the plug should be 20-40% larger than that of the ductus shown by aortography. When a plug is too small for the ductus or the distensibility of the ductus is too great, the plug may slip into the pulmonary artery. If this occurs, the plug can be easily removed from the femoral vein along the guide wire followed by a thrust catheter. On the other hand, when the plug is too large or the ductus is too rigid to accept the plug, difficulties of stable insertion of the plug into the ductus occur, and the plug may fall back into the aorta after the track wire has been removed. This is the most serious problem with this method. In this series of 61 patients, there were three such incidents, whereas Porstmann' reported two of 62 patients and Takamiya3 reported one of 28 cases. When the plug becomes lodged around the aortic bifurcation, we usually try to plug the ductus with the second plug before removal of the first. However, if the plug lodges further up in the abdominal aorta, the plug should be removed first to prevent renal ischemia, which occurred in one of our patients. The embolizing plug in the aorta can be pulled down into the femoral artery by a balloon catheter (Fogarty), and can be removed by arteriotomy, as in the usual case of em- plug will become infiltrated with cells a few days after placement in the ductus, and in a few months the host's connective tissue will effect a permanent closure of the ductus. Therefore, there would be no foreseeable problems due to the placement of the ivalon plug inside the ductus, and we have not seen any problems in the follow-up period lasting up to two and one-half years. A recurrence of shunting has not been observed in any of our patients. References
